The introduction of financial incentives for net-zero energy building/community (ZEB/ZEC) is a potential strategy that facilitates the development of sustainable buildings. In this study, a reward-penalty mechanism (RPM) is firstly proposed for a community that aims to achieve the target of annual zero energy balance. In order to investigate the cost allocated for each building in the community, a cost allocation model by considering the load of these buildings and the levels of zero energy building achieved is further proposed, based on which four typical types of the model is selected and investigated. The economic performance of a building under the four types of allocation model is then compared for a community that consists of 20 family houses in Ireland. By considering the possible ZEB level ranges in each building, two Cases are conducted (Case 1 -the range is between 0.0 and 1.0; Case 2 -the range is between 0.5 and 1.0). The results show that the 1 st model is the simplest one that allocates cost evenly. By contrast, the cost of a building depends on its load in the 2 nd model and depends on the ZEB level it achieved in the 3 rd model, while it considers the two factors evenly in the 4 th model. The proposed cost allocation model is expected to provide a basic guide for the designers of financial incentives as well as experts in the fields of net-zero energy buildings. Environmental and Climate Technologies ____________________________________________________________________________ 2019 / 23 294 'nearly net zero energy buildings' for all the new buildings from 2020 under the Directive on Energy Performance of Buildings [4].
INTRODUCTION
Net-zero energy buildings (ZEB/NZEB) has been widely recognized as a potential solution to address the challenges of the increasing environmental and energy problems [1] , [2] . Various regulations and legislatives have been proposed to promote ZEB practical applications, which can be observed from the task 40 "Towards net zero energy solar buildings" under the umbrella of international energy agency (IEA) [3] , and the goal o f
METHODOLOGY AND PROBLEM FORMULATION
A reward-penalty function (1) is proposed for a community that aims to achieve the target of zero energy community. It is developed with the ability of adjusting the cost-effective system selection for a community. As the proposed reward-penalty function follows a quadratic concave curve, a lower ZEC selection will cause a heavier financial penalty for the building owners, and a higher RES integration will bring a greater bonus. A general schematic diagram is shown in Fig. 1 , the first step is to identify the building load, its renewable generation and the main key parameters (e.g., RES price, electricity p rice) for developing the reward-penalty mechanism for this community. Secondly, the initial cost ( Cio) and reward/penalty cost (Crp) can be calculated for each level of zero energy community (ZEC). Thus, the corresponding total cost of the community can be derived. Finally, the total cost will be allocated to each building users based on the proposed cost allo cation model. 
Development of Community-Based RPM
In this study, PV array and the grid are the two power systems for the community. PV generation has considered the effect of temperature, as calculated in Eq. (1). The PV efficiency is 18 % under the standard test condition and its derating factor is selected to be 0.9. Total cost (TC)
Renewable energy system
Based on the installation of PV system, a zero-energy level for the community (Rzec) is defined as the ratio of its renewable generation (EPV) to its load (Ecl), as formulated in Eq. (2) . A value of 0.0 for Rzec represents no renewable generation in this community, and a value of 1.0 for Rzec means the community achieved its zero-energy target.
During application, the grid-connected community is supplied by the power from either PV system or the grid, as shown in Eq. (3). Where, i represents the time from 1 h to 8760 h, and the electricity price from grid (i.e., the case of non-sufficient RES generation) and to grid (i.e., the case of excess RES generation) is assumed to be an equal value of 0.1 $/kWh.
The annual initial cost of the community (Cio) generally consists of the capital cost of RES and building operation cost, it can be fitted as a linear fitting formula in Eq. (4). Then, the community-based RPM is developed based on the method proposed by Lu et al. [32] , and the reward/penalty cost (Crp) can be formulated in Eq. (5) . The parameters a, b, and c in Eq. (5) can be determined by the total cost (TC) in Eq. (6) if given three conditions. In this study, the total cost of the community is assumed to be twice of its initial cost for a selection of 0.0ZEC design, and it is only half of its initial cost for a selection of 1.0ZEC design. In addition, the most economical selection is set to be 1.0ZEC design under the application of RPM.
Development of Cost Allocation Model.
As illustrated in section 2.1, the total cost of the community is derived for different levels of ZEC design, and it is actually the accumulated total cost of the entire buildings in the community. The total cost is required to be undertaken by the building users in this community, and thus an important step is to develop a cost allocate model. Generally, the building load and the level of zero energy target the building achieved are two key factors that affects the total cost of the community. Therefore, the allocation model can be developed based on the two factors in Eq. (7) .
where, k = 1, 2, … n, α + β = 1.0.
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297 Actually, the simplest method is to evenly allocate the total cost for each building, i.e., the 1 st model as formulated in Eq. (8) . Based on the developed allocation model (7) , there are another three typical model types, i.e., the 2 nd model concerning only the building load in Eq. (9) , the 3 rd model concerning only the level of zero energy target it achieved Eq. (10), and the 4 th model concerning the two factors evenly in Eq. (11). 
DESCRIPTION OF CASE STUDY
The proposed RPM strategies and cost allocation models are investigated based on a community that consists of 20 family-houses randomly selected in Ireland [33] . The electricity consumption data of these buildings are collected by the smart meter with half-hourly records for more than one year [34] . As shown in Fig. 2 , the annual electricity loads of these buildings range from 1 476 kWh/yr to 11 191 kWh/yr.
In this study, solar resource and ambient temperature in Dublin, Ireland are selected to evaluate the potential of PV generation. The longitude of Dublin is 53º26'10", and the latitude is 6º15'53". As displayed in Fig. 3 , the average annual temperature is identified to be 10.2 ºC and solar irradiation on optimally inclined plate is 3.020 Wh/m 2 /day. 
RESULT ANALYSIS

Effect of RPM on Total Cost
A comparison of the economic performance is presented for the community under the case without RPM (Cio) and the case with RPM (TC), as shown in Fig. 1 . As indicated in section 2.1, the ratio of the total cost to the initial cost is given 2.0 for a 0.0ZEC design and it is 0.5 for a 1.0ZEC design, while the minimum total cost is expected to be at It can be observed that there is not much benefit for the community with a higher ZEC level if no financial incentive is applied. However, a significant cost reduction can be achieved under the developed RPM. More specifically, the minimum total cost of 4 934 $/yr is located at 1.0ZEC design. By contrast, the maximum total cost of 24 114 $/yr is located a 0.0ZEC design, and it is twice time of the community without RES integration. Consequently, a selection of lower ZEC level will cause a heavier fine whilst a great profit can be expected for a community at a higher RES integration. 
Cost Allocated for Buildings -Case 1
As the level of the community to be ZEC is determined by its building users, and the installation of PV system is actually a willing determined by building users. In Case 1, a random probability between 0.0 and 1.0 is assumed as ZEB level achieved by each building. Then, Monte Carlo method is employed to generate a sample of 100 ZEB levels for each building. Finally, the distribution of ZEC level and the total cost of the community are identified as shown in Fig. 5 . It is found that the ZEC level and the corresponding total cost are expected to vary between 0.31 and 0.68, between 6 875 $/yr and 14 084 $/yr, respectively. In addition, the cumulative probability of 50 % is observed for ZEC level to be 0.52, and it is 50 % for the total cost to be 9 419 $/yr. In order to further investigate the benefit for building owners, the total cost of the community is allocated based on four typical types of allocation model as proposed in Eq. (8)- (11) . The average cost of each building as well as the community is summarized in Table 1 . Under the selection of the 1 st allocation model, the total cost is the same for each building with an annual cost of 481 $/yr. Under the selection of the 2 nd allocation model, a lowest total cost is required for a lowest building load while a highest total cost is required for a highest building load. This can be found from the 1 st Building (load of 1 476 kWh) with an annual cost of 118 $/yr and the 20 th Building (Load of 11 191 kWh) with an annual cost of 892 $/yr. Under the selection of the 3 rd allocation model, a slight difference is found in the cost of each building. This is because the ZEB levels of these buildings are all randomly selected from 0.0 to 1.0, and the average values under 100 samples are identified between 0.478 and 0.547. Under the selection of the 4 th allocation model, the cost allocated for each building is the mean value of that in the 2 nd and the 3 rd model. A detail distribution of ZEB level and the allocated cost are presented for 10 th Building (B10) as shown in Fig. 6 and Fig. 7 . In terms of the selection of ZEB level, the cumulative probability of 50 % is observed to be 0.45 for this building. In terms of the cost allocated for this building, a distribution is presented for the four typical types of allocation model. It is interesting to find that the distribution pattern and range of the 10 th building cost is similar under the 1 st allocation model and the 2 nd allocation model. In addition, a little bit low probability is observed for the building users to pay several thousand dollars under the 3 rd allocation model and the 4 th allocation model.
Cost Allocated for Buildings -Case 2
In Case 2, a random probability between 0.5 and 1.0 is considered as the range of ZEB level for each building. Based on 100 samples simulation, the distribution of ZEC level and the total cost of the community are identified as shown in Fig. 8 . It is found that the ZEC level and the corresponding total cost are expected to vary between 0.65 and 0.84, bet ween 5 421 $/yr and 7 259 $/yr, respectively. In addition, the cumulative probability of 50 % is observed for ZEC level to be 0.74, and it is 50 % for the total cost to be 6 201 $/yr. Similarly to the Case 1, the total cost of the community is allocated based on the four allocation models, as summarized in Table 2 . Under the selection of the 1 st allocation model, the same annual total cost is found for each building (307 $/yr). Under the selection of the 2 nd allocation model, the building with low load will be distributed with a low annual cost from the 1 st Building (i.e., load of 1.476 kWh and cost of 75 $/yr). By contrast, the building with high load will be distributed with a high annual cost from the 20 th Building (Load of 11.191 kWh and cost of 571 $/yr). Under the selection of the 3 rd allocation model, the costs of the 20 buildings range from 298 $/yr to 321 $/yr with the average ZEB levels range from 0.72 to 0.77. Under the selection of the 4 th allocation model, the cost of each building is also seen to be the mean value of that in the 2 nd and the 3 rd model. A detail distribution of ZEB level and the allocated cost are presented for 10 th Building (B10) in Case 2, as shown in Fig. 9 and Fig. 10 . The cumulative probability of 50 % is observed to be 0.75 for ZEB level of this building. In addition, although the cost of the building is more centralized in the range of 250 $/yr and 450 $/yr under the 1 st and the 2 nd allocation model, the cost differences among the four model are reduced under this case.
CONCLUSION
This study aims to develop cost allocation model for the buildings under community-based reward-penalty mechanism, which is conducted based on a community consisting of 20 family houses in Ireland. The economic performance of the community is firstly investigated under the proposed reward-penalty mechanism (RPM). Since the load of these buildings and the levels of zero energy building achieved are two main factors determining the total cost of the community, four typical types of allocation model are proposed for building users in this community.
Since the level of the community to be ZEC is actually determined by its building users, two cases are investigated considering a different ranges of ZEB level, i.e., in case 1, the range of ZEB level is set between 0.0 and 1.0; In case 2, the range of ZEB level is set between 0.5 and 1.0. A similar trend is observed for the cost allocated for each building under the four types of allocation model. Under the selection of the 1 st allocation model, the total cost is the same for each building. Under the selection of the 2 nd allocation model, a lower building load will be allocated with a lower cost, and a higher building load will be allocated with a higher cost. Under the selection of the 3 rd allocation model, the costs of these building don't show much differences. Under the selection of the 4 th allocation model, the cost allocated for each building is the mean value of that in the 2 nd and the 3 rd model since it considers the two main factors evenly.
